Purpose: The study aimed to identify factors related to family caregivers' sleep.
INTRODUCTION
In 2015, 5.3 million Americans of all ages were estimated to have Alzheimer's disease. 1 Collateral effects of this disease extend to the almost 15 million Americans who provide care for persons with Alzheimer's disease or other dementia. 2 Caring for a loved one poses special challenges caused by behavioral and psychological symptoms (BPS) of dementia. 3 Though memory loss is the best-known symptom, over 80% of people with dementia will experience BPS including sleep disturbances, aggression, anxiety, and wandering. 3, 4 Previous studies found that dementia caregiver sleep was influenced by several factors besides BPS, such as emotional strain, physical demands for care, and interrupted schedules. 5 50-70% of caregivers of persons with dementia have sleep complaints. 6 Sleep is likely to be adversely effected by the task of providing care to a family member with dementia. [5] [6] [7] In addition to altered sleep-wake cycles of the person with dementia, several factors could lead to disruptions in sleep among caregivers. First, symptoms of depression commonly experienced by caregivers are associated with disruptions in sleep. 5, 8, 9 Second, it is well established that individuals with dementia commonly experience sleep disruptions, and these disruptions are viewed as problematic by caregivers. 5, 8 Finally, these factors could interact to form a self-perpetuating cycle of sleep disturbance. That is, caregivers could experience negative thoughts and feelings that would interfere with resuming sleep. 5, 10 Over time, disruptions in the caregivers' sleep can lead to a state of chronic sleep deprivation. 5, 6 There are well-known negative consequences to the health of the person with chronic sleep deprivation, including metabolic and inflammatory changes that may lead to impaired glucose tolerance, weight gain, cardiovascular disease, cognitive and functional decline, and even premature death. [10] [11] [12] These changes along with neglect of their own health has been found to contribute to higher levels of health care service utilization and greater healthcare costs when compared to spouses living with healthy partners. 11 Declining health diminishes the caregivers' ability to provide optimal care, which has been found to place the care recipient at risk for harm from events such as abuse, medication errors, and neglect. 13 Of all the reported factors affecting caregivers' sleep, being awakened by the care recipient at night has been identified as one of the most common distressing causes of disturbed sleep faced by dementia caregivers. 5 Furthermore, at caregivers age, they are at risk for developing sleep disorders including insomnia and sleep apnea, which, if left untreated, can be associated with depression and reduced quality of life. 14 Self-report data provide evidence that caregivers' sleep is often of poor quality, however, to our knowledge, only a few researchers have used objective measures of sleep in caregivers. 8, 15, 16 Actigraphy allows for assessment of sleep over an extended period in the caregivers' natural environment with valid estimates of total sleep time, sleep efficiency, and awakenings, 17 which will provide objective data to confirm previous self-report findings. Therefore, this study is aimed to examine the association among caregivers' depression, burden, health status, sleep hygiene, care-recipients' sleep, and objectively measured caregivers' sleep.
METHODS

Study participants and procedure
This study used a cross-sectional design. Community-dwelling caregivers of individuals with dementia were recruited from the Alzheimer's Association, Western New York Chapter. The inclusion criteria for the caregivers in the study were: 50 years of age or older, self-identified as the primary caregiver to an individual with dementia, living with the care recipient, providing daily informal (unpaid) care only to the care recipient, functioning independently, and able to speak and read English. Adults age 50 years of age or older were included because we were interested in primary caregiver of adults with dementia who were not still caring for children at home. Participants were excluded if they reported a known sleep disorder such as sleep apnea or restless legs syndrome. The study was approved by the University Institutional Review Board.
Once written consent was obtained, eligible participants completed a questionnaire packet and were given an actigraphy watch and sleep diary to complete over the next 7 days. Technical problems with the actigraphy watch caused the loss of five sets of data.
Measures
Depression
Depression was measured using the Center for Epidemiologic Stud- 
The Cumulative Illness Rating Scale (CIRS)
The CIRS is designed to measure physical condition in older adults. 23 This scale was initially proposed as a way to distinguish biological from chronological aging. The CIRS evaluates 13 body systems using a four-point scale according to the severity of the impairment present. It accounts for both the number and the severity of medical conditions 24 and addresses all relevant body systems without using specific diagnoses, 25 which allows for easy identification of chronic conditions. Total score ranges from 0 to 56 with higher score indicating high disease burden. The CIRS has good inter-rater reliability with 26 found that the PSQI had an overall reliability coefficient (Cronbach's ) of .83 in the seven component scores, which indicates a high degree of internal consistency.
The Sleep Hygiene Index (SHI) was selected to examine bedtime routines. 27 Questions on the SHI assess environmental and behavioral variables that may interfere with adequate sleep such as taking naps, exercising, and watching TV before bed. 27 The SHI showed positive correlations with all of the associated features of inadequate sleep hygiene as determined by the American Sleep Disorders Association. 28 It is a self-rated 13-item instrument that assesses sleep hygiene behaviors. Each item is then coded with scores ranging from 5 (always) to 1 (never). The items are totaled, yielding a global assessment score for sleep hygiene ranging from 13 to 65. Higher scores indicate more maladaptive sleep hygiene practices. Previous researchers have found acceptable internal consistencies and test-retest stability. 29 Cronbach's in this study was .65.
Sleep diary
Subjects completed a sleep diary for each day of actigraphic data collection (7 days), which provided subjective estimates of eight sleep- bed × 100), total wake time (time spent awake from initial lights out until time out of bed in the morning), sleep quality rating (scaled from 1 = very poor to 5 = excellent), and total nap time (total amount of time spent sleeping prior to bedtime). 30 Recently, researchers have found support for the validity, clinical utility, and usability of a sleep diary to track nightly subjective sleep. 31 
Objective sleep assessment
Actigraphy is a reliable and valid measure of sleep and has been used in previous studies involving older adults and in populations with dementia. [32] [33] [34] The sensitivity of the actigraphy watch is optimized for highly effective sleep-wake inference from wrist actigraphy, which has been previously validated 35 and approved by the American Association of Sleep Medicine (AASM) as an outcome measure for response to therapy among persons with insomnia. 36
Care-recipients' sleep measures
The Sleep Disorders Inventory (SDI) was used to measure carerecipients' sleep with the answers provided by family caregivers. The SDI was developed and validated for individuals with dementia and has great utility in both home and long-term care settings. 37 It describes the frequency, severity, and caregiver burden of sleep disturbed behaviors within the previous 2 weeks. The SDI items include: difficulty falling asleep, getting up during the night (other than for toileting), night-time wandering, awakening the caregiver, awakening and thinking it is daytime, awakening too early, and excessive daytime sleeping.
Caregivers rated each item for frequency (never = 0 to at least once per night = 4), severity (not present = 0 to markedly disturbing = 3), and caregiver distress (not at all distressing = 0 to extremely distressing = 5). Thus, scores for each item ranged from 0 to 12, with higher scores indicating more sleep difficulties. 37 Cronbach's for this study sample was .89.
Data analysis
Demographic data from caregivers and care recipients were reported using descriptive statistics. Actiware Software Program was used to analyze the actigraphy data. The output provided data on total sleep time, percent wake during the night, number of awakenings per night, and length of awakenings at night. Pearson's correlation and regression analysis were used to examine relationships among caregiver burden, caregiver health status, care-recipients' sleep, caregiver depression, and caregiver sleep. Variables found to be significantly associated with caregivers' sleep in Pearson's correlation were then entered to the regression model. Caregivers' depression and burden were highly correlated (r = .8) with each other. Both variables were unable to be entered into a regression model due to multi-collinearity that violates the assumption of regression analysis as well as sample size and power considerations. Therefore, when both depression and burden showed significant relationships with the same sleep variable in Pearson's correlation, we then chose depression as a predictive variable to be entered into a regression model rather than burden because there is a well-established relationship between depression and insomnia. 4, 38, 39 Assumptions behind the statistical analysis were checked. Data were analyzed with the PASW 24.0 statistical software package (SPSS Inc., Chicago, IL). All analysis were two-sided, and = .05 was considered statistically significant.
RESULTS
Forty-three family caregivers (40 women 
Family caregivers' sleep characteristics
Subjective and objective measures of sleep were in agreement and indicated that caregivers sleep was poor with short sleep duration (5.93 h; SD = 1.2) and low sleep efficiency (79%). It is interesting to note that 67.5% of caregivers reported taking sleep medication in the past month (see Table 2 ).
Relationships among caregivers' subjective/objective sleep and related factors
Pearson's correlations showed that caregivers who had higher levels of depressive symptoms and burden also reported sleep problems including more sleep medication use, lower sleep efficiency, and poorer sleep quality; and worse daytime dysfunction. Furthermore, caregivers' poor sleep hygiene was related to more sleep problems (see Table 3 ).
The results of regression analysis indicated that caregivers' depression and sleep hygiene were significant predictors of caregivers' overall sleep quality. Furthermore, caregivers' depression significantly predicted caregivers' daytime function and sleep hygiene significantly predicted sleep onset latency (see Table 4 ).
Multiple regression analysis results for subjective and objective results
The results of regression analysis indicated that care-recipients' sleep problems were a significant predictor of caregivers' total sleep time and sleep efficiency. Caregiver burden significantly predicted their wake time of after sleep onset (see Tables 4 and 5) . 
TA B L E 3
Caregivers' depression, burden, health status, sleep hygiene, care-recipients' sleep, and subjective and objective sleep variables:
DISCUSSION
In this study, we examined the associations among caregivers' depres- similar to previous studies [40] [41] [42] [43] [44] who found that caregivers had short total sleep times. Dissimilarly, in our study, the average sleep onset latency was longer than in previous studies. 9, 45, 46 Given the adults. This may be due to reliance on the cognitive ability to reflect on sleep over the past 4 weeks. Alternatively, our results may be related to sleep state misperception, which has been found in a previous study of caregiver sleep. 48 Future research is needed to determine whether caregiver misperceptions about their sleep are common.
Approximately 67% of caregivers reported the use of sleep medications at least once during the past month. This rate is higher than rates reported in other sleep studies that found that the rates of sleep medication use in caregivers ranged from 38 to 42%. 46, 49 The rate of sleep aid use in this study was higher than reported by the CDC (2013) 50 who found that between 5.5 and 7% of adults (60-80+ years) used sleep aids over the past 30 days. This finding suggests the importance of future studies focused on designing and implementing nonpharmacologic interventions to help caregivers obtain sleep without diminishing their ability to function in their role as caregiver.
In this study, caregiver chronic conditions (including depression), burden, sleep hygiene, and care-recipients' sleep were significantly associated with caregivers' overall PSQI scores and other subjective and objective sleep dimensions. Caregivers with high levels of depressive symptoms had longer night-time sleep onset latency and lower sleep efficiency. The association between sleep efficiency and depression were consistent with previous research. 40 These results suggest that depressed caregivers take more time to fall asleep and thus have more trouble falling asleep. This could be due either to depressionrelated physiological processes that make sleep initiation more difficult or to rumination or worry at bedtime (after the care recipient has fallen asleep) that could prevent a more depressed caregiver from being able to readily fall asleep. For example, depressed caregivers may spend more time in bed worrying about the care-recipients' demands during the night. These findings indicate that caregivers' psychological status plays an important role in sleep problem and should be assessed and addressed during clinic visits.
In the regression models, caregivers' depression significantly predicted overall sleep quality and daytime dysfunction. Consistent with previous studies, depression was strongly associated with caregivers' subjective and objective sleep problems. 4, 9, 40, 41, 44 Caregivers are faced with a significant number of physical and emotional demands when they care for individuals with dementia. These demands may increase caregivers' need for rest, but because of the expanding nature of the demands, the caregivers are unable to get enough sleep at night and therefore suffer from sleep problems.
It is important to note that almost half of the caregivers had ele- More research is needed to better understand the role of caregiver health status on their sleep.
Poorer caregiver sleep quality was also associated with higher levels of burden. This finding is consistent with Creese et al.'s study. 54 Contrary to previous studies, 4 we found that caregivers with high levels of burden had longer sleep latency, shorter total sleep time per night, lower sleep efficiency, and awoke more frequently after sleep onset. Perhaps, a different burden measure was used in their study. These findings indicated that more frequent nocturnal disruptions were associated with higher levels of burden, suggesting that the demands of care during the night may be burdensome to the caregiver.
These can also be explained by the significant association between caregivers' sleep and care-recipients' sleep. Caregivers are awoken by care-recipients' interrupted sleep. Caregivers often have to attend to the care-recipients' needs and behaviors during the night, which in turn influence their own sleep. 4, 54 Caregivers' sleep hygiene also plays an important role on their sleep. In our study, caregivers' sleep hygiene was a significant predictor of their overall sleep quality and sleep onset latency. Caregivers with more maladaptive sleep hygiene behaviors such as napping during the day, use of stimulants (such as coffee or nicotine) close to bedtime, or less exercise, reported more sleep problems. Previous studies have focus on training the family caregivers to modify care-recipients' sleep hygiene. 4 Much less information is available about improving sleep hygiene in family caregivers. Sleep hygiene training is a relatively easy and non-pharmaceutical method for increasing caregivers' sleep quality that in turn might improve caregivers' coping skills, their ability to manage care-recipients' problems, and reduce psychological burden.
LIMITATIONS
Limitations of this study include a small sample size and the use of cross-sectional design. Therefore, the results of our study need to be interpreted with caution. A large sample size will allow the ability to identify significant risk factors of caregivers' sleep quality, accounting for potential co-variates, as well as to better understand how each risk factor might influence caregivers' sleep quality using more sophisticated statistical analyses. Another limitation is the demographic homogeneity of the population studied, which may limit the generalizability of our findings. In addition, this study did not include a comparison sample. However, compared with recently published actigraphic estimates among older, community-dwelling women, our caregivers had less total sleep time (i.e., 5.95 h for caregivers vs. over 6 h for older communitydwelling women) and poorer sleep efficiency (79.48% for caregivers vs. 81% for older community-dwelling women) suggesting that sleep problems may be more pervasive in caregivers than demographically similar community-dwelling women, at least based on actigraphic estimates. Furthermore, we did not collect information regarding caregivers' cognitive functions such as cognitive impartment or a diagnosis of dementia, which might influence their ability to accurately report the information. Finally, because this study focuses on night-time sleep and does not include analysis of collected daytime sleepwake activity, we are unable to draw conclusions about diurnal and circadian rhythms or daytime sleep-wake characteristics of female caregivers. It is especially important to note that although the findings of this study must be interpreted with caution because of the study limitations, they show that researchers and clinicians may use the results to initiate sleep assessment for caregivers of individuals with dementia.
CONCLUSIONS
The current study provides additional evidence that caregivers' sleep is affected by personal as well as care-recipient factors. Specifically, our findings indicated that more frequent nocturnal disruptions were associated with higher levels of caregivers' burden, suggesting that the demands of care during the night might be burdensome to the caregiver. Future research should target the management of carerecipients' sleep and night-time behaviors to promote caregivers' sleep quality. Furthermore, our findings also discovered that caregivers' own health status was significantly associated with their sleep quality. This important finding suggested that future interventions should address caregivers' health concerns and provide recommendations for self-management of their health conditions in order to
improve their sleep quality as they perform their caregiving tasks.
Finally, clarification of the associations identified in our study requires further research among larger, more diverse populations using longitudinal designs to better understand risk factors of caregivers' sleep quality as well as to establish effective nursing interventions to provide better person-centered care for caregivers of adults with dementia.
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